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(54) LIGHTWEIGHT, THERMAL INSULATING RUBBER 
COMPOSITION 

(57) Abstract: 

PURPOSE: To obtain the title composition excellent in 
adherabiiity, execution suitability. mechanical 
properties and shape retainability, useful for aerospace 
equipment by incorporating a room temperature-curable 
condensed-type polysiloxane polymer with each specific 
microballoons and inorganic component 

CONSTITUTION: The objective composition can be 
obtained by incorporating (A) a room temperature-curable 



condensed-type polysiloxane polymer (pref. 
diorganopolysiloxane straight chain polymer) with (B) a 
mixture of Bi: microballoons consisting of borosilicate 
and B2: microballoons consisting of phenolic resin with 
the weight ratio Bi/B2=(50:50) to (100:0) at the weight 
ratio A/B=(25:75) to (75:25) and then (C) 3-50 pts.wt., 
based on 100 pts.wt. of the components A and B, of an 
inorganic component made up of C-;: antimony oxide and 
C2: a phosphoric ester compound with tiie weight ratio 
C1/C2 = pref. (20:80) to (40:60). 
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(57)[Claim(s)] 
[Claim 1] 

Vis-a-vis condensation type polysiloxane polymer I of room 
temperature curing, proportion A/B of microballoon A 
whichconsists of borosilicate silica and microballoon B which 
consists of phenolic resin being weight ratio, as 50/50 - 100/0 
microballoon II which is is combined, proportion l/U of 
aforementioned condensation type polysiloxane polymer I and 
microballoon II being weight ratio, in order tobecome 25/75 - 
75/25, inorganic compound III which consists of antimony 
oxide C and the phosphate ester-based compound D, light 
weight insulating ability rubber compositiono which is 
combined in range of sum total (I+II ) per 100 parts by weight 
3-50 parts by weight of theaforementioned condensation type 
polysiloxane polymer I and microballoon mixture II 



[Description of the Invention] 

{Industrial Area of Application } 

this invention is superior in adhesiveness^ fabricability v 
mechanical property, it regards light weight insulating ability 
rubber composition where the weight reduction on heating is 
little, is superior in shape retention, 

[Prior Art] 

airplane and space application rocket or other aerospace 
equipment being high speed, when flight doing, the chassis 
main body and payload are protected from heat of engine 
surroundings ofaerodynamic heating and these aerospace 
equipment which it occurs in friction with air etc, m order to 
designate temperature of chassis section asappropriate value, 
various diverse thermal insulating material are used. 

As this kind of thermal insulating material, sheet thermal 
insulating material which impregnates phenolic resin in the 
for example cork, thermal insulating material which consists 
of insulating ability composition which mixes microballoon 
(Below, glass balloon you abbreviate. )which consists of 
microballoon (TRANSLATION STALLEDphenol balloon) 
and/or glass which consists of phenolic resin m addition type 
silicone rubber is known. 

But, you must stick former, to chassis making use of 
adhesive,vacuum bag or other compressed facility and oven 
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or other heating facility which hardens adhesive arenecessary 
and also, number of fabrication steps becoming many, 
operation had becometroublesome. 

In addition, because thermal conductivity is high, if it does 
not make thick,because sufficient thermal insulation effect is 
not acquired, there was a deficiency that weight of chassis 

increases. 

On one hand, composition of the latter adhesiveness is bad, 
because it isnccessary to jointly use adhesive of other kind, 
fabricability is bad insame way, thermal insulating material 
becomes thick, because depending upon the adhesive , there 
was a deficiency that weigjit increases as entirety. 

Furthermore, weight reduction on heating when aerodynamic 
heating is received inaddition to aforementioned 
adhesiveness^ fabricability^ lightness ^ insulating ability, 
is little in thermal insulating material which isoperated in 
chassis of aforementioned aerospace equipment, is superior in 
the shape retention, when thermal shock,, aerospace 
equipment like aerodynamic heating separates, crack occurs, 
from operation portion with such as load impact and large 
deformation whenassembling suffering operation body. There 
is not a hazard which peels off, it is superior in mechanical 
property and flexibility in mechanical property* especially 
high temperature, it is necessary . 

{Problems That Invention Seeks to Solve } 

Without using adhesive vis-a-vis chassis or other suffering 
operation bodyof aerospace equipment which needs 
high-level insulating ability, it can operate the objective of 
this invention, it is to offer light weight insulating ability 
rubber composition (Below, you call rubber composition ) 
which possesses the adhesiveness and fabricability which are 
superior. 

Other objective has shape retention which is superior, it is to 
offer the rubber composition which is superior in mechanical 
property and flexibility which do not havetimes when crack or 
delamination occurs from operation portion due to the thermal 
shock* load impact* large deformation etc. 

{means in order to solve problem } 

As for objective of this kind of this invention, proportion A/B 
of mlcroballoon A whichconsists of borosiltcate silica 
vis-a-vis condensation type polysiloxane polymer I of room 
temperature curing, and microballoon B which consists of 
phenolic resin being weight ratio, as 50/50 - 100/0 the 
microballoon II which is is combined, proportion I/U of 
aforementioned condensation type polysiloxane polymer I and 
microballoon 11 being weight ratio, in order to become 25/75 - 
75/25, inorganic compound III which consists of antimony 
oxide C and phosphate ester-based compound D, In order to 
become range of sum total (I+II ) per 100 parts by weight 
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3-50 parts by weight of theaforementioned condensation type 
polysiloxane polymer I and microballoon mixture II, it can 
achieve with rubber composition which is combined. 

In rubber composition of this invention, condensation type 
polysiloxane polymer (Below, polysiloxane polymer you 
abbreviate. ) I which is hardened with room temperature is 
adhesive of microballoon II, furthermore, not jointly using 
rubber composition of this invention, with other adhesive, it 
becomes somethingwhich shows satisfactory adhesiveness 
vis-a-vis suffering operationbody which consists of metal* 
fiber reinforced plastic (FRP ) or other nonmetal. 

In addition, polysiloxane polymer I with mechanical property 
of rubber composition of this invention and large 
deformation* thermal shock* impact load which unproving, 
mentions earlier flexibility crack or delamination thattries is 
difficult to occur firom operation portioiL 

Furthermore adhesiveness where this polysiloxane polymer I 
hardening with room temperature vis-a-vis rubber 
composition of this invention, is not different from case 
whereit hardens with high temperature and is superior is 

granted. 

With Iliquid type or two-liquid type, curable diorgano 
polysiloxane linear polymer isdesbably used with room 
temperature as polysiloxane polymer I which possesses acting 
effect an above-mentioned way. 

As example of this kind of diorgano polysiloxane linear 
polymer, it possesses the alkoxy group and acetoxy group in 
terminal, reacts with moisture in air and possesses curable 
ones or hydroxy group and alkyi group, alkoxysilane group or 
other polyfunctional group, a aforementioned hydroxy group 
of terminal and polyfunctional group is tin, platinimi or other 
organic type metal salt and some etc which arecondensed 
there is, but it is not something which is limited in these. 

In rubber composition of this invention, microballoon II 
designates microballoon (Below, you call silica balloon ) A 
which consists of borosilicate silica as main component, 
consists of configuration where phenol balloon B is jointly 
used in accordance with necessary chassis isprotected grants 
insulating ability which is superior from aerodynamic 
heatingat time of flight of aerospace equipment which is 
mentioned earliervis-a-vis rubber composition. 

In order to possess heat resistance* insulating ability* sh^ 
retention to which as for silica balloon A borosilicate silica 
being something which grain configuration is done in hollow, 
the weight reduction on heating is small, is superior, not 
making thick, high-level heat resistance* insulating ability 
and shape retention are granted to rubber composition of this 
invention. 
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As configuration^ physical property of this silica balloon, be 
able to mix to uniform in rubber composition, if it should have 
been something which does not impair mechanical property, 
the preferably maximum diameter 125;mu, minimum 
diameter 44;mu and average particle diameter 70;mu - 90;mu, 
those which are a bulk density 0. 1 4-0. 1 6 g/cm^^ density 
O.ZO'-O.aO g/cm^ are good. 

On one hand, phenol balloon B is hollow grain, density is 
small due to, at same time possesses thermal control 

characteristic. 

When carbonizing doing with namely, aerodynamic heating, 
hydrocarbon and theother gas are generated, property which 
absorbs thermal energy with the latent heat has possessed. 

Therefore, as rubber composition of this invention weight 
reduction is done, thermal control characteristic can be 
granted. 

As representative example of this icind of phenol balloon B, 
those which designate phenol formaldehyde condensate as 
material are desirable, in addition, maximum diameter 
120;mu, minimum diameter 5;mu and average particle 
diameter 35^8;mu, it is a bulk density 0.1 0-0.1 5 g/cw?^ 
density 0.21-0.35 g/cm^ as configuration and physical 
property, are desirable. 

One where above-mentioned phenol balloon B is combined is 
desu-able in rubber composition of this invention, but when it 
combines, try proportion A/B of the silica balloon A and 
phenol balloon B which microballoon II configuration are 
done to become range50/50 - 100/0 with weight ratio. 

This proportion A/B under 50/50, cannot grant heat 
resistance s insulating ability and shape retention which 
arebased on silica balloon A in rubber composition of this 
invention to ftilly. 

Above polysiloxane polymer I and microballoon II which are 
explained, proportion I/II being the weight ratio, range 25/75 - 
75/25 X being mixed, configuration it does rubber 
composition of this invention. 

This proportion I/II stops being shown under 25/75, as for 
rubber composition of the this invention, adhesiveness* 
fabricability* mechanical property* flexibility which is 
based on polysiloxane polymer I in fully. 

When other* proportion I/n exceeds 75/25, insulating ability 
which is based on microballoon II isgranted to fiilly becomes 
difficult 

Furthermore inorganic compound III which consists of 
antimony oxide C and phosphate ester-based compound D in 
the rubber composition of this invention, makes weight 
reduction on heating of rubber composition small, further tries 
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shape retention to improve. 

In order to become range of sum total (I+n ) per 100 parts by 
weight 3-50 parts by weight of polysiloxane polymer I and 
microballoon II, it combines this inorganic compound III. 

Quantity of this inorganic compound III under 3 parts by 
weight, decreases weight reduction on heating of the rubber 
composition of this invention, shape retention improves is 
difficult to the fully. 

In addition, when it exceeds 50 parts by weight, weight to 
increase, cannotdecrease burden of space airplane or other 
advancing system and becomes. 

Furthermore, proportion C/D of this antimony oxide C and 
phosphate ester-based compound D is not somethingwhich 
especially is limited, density of rubber composition when 
maintaining in low level, with the weight ratio it puts 
aforementioned proportion C/D in range 20/80 - 40/60, it 
isdesirable . 

In addition, whisker^ chopped fiber^ beads or other various 
reinforcements filler^ AerosiU bentonite (DANA 
7 1 . 3 . 1 a. 1 -2 ) or other antidrip agent etc can be 
combinedappropriately in rubber composition of this 
invention according to use objective or the application 

rubber composition of this kind of this invention is operated, 
it can dilute with the solvent, it can operate with spray 

coating . 

In addition, being operation possible even with casting and 
the trowel painting , there not being a spray facility, it can 
operate. 

Furthermore because it hardens with room temperature, it can 
operate withoutusing oven or other heating facility. 

for example acetone « methylethyl ketone ^ methyl isobulyl 
ketone s cyclohexanone^ methyl acetate s ethylacetate^ 
butyl acetate^ isobutyl acetate ^ toluene ^ xylene ^ 
methylene dichloride ^ trichloroethane ^ n- hexane ^ 
cyclohexane^ ethylene glycol monomethyl ether etc can be 
listed as solvent in order to dilute rubber composition,but it is 
not something which is limited in these. 

Mking single or at least 2 kinds, you can use these solvent 

It is a airplane and a rocket 7x ants or other 
aerospace equipment as sufiferingoperation body where rubber 
composition of this invention is operated, mainly the widely it 
can apply, but without, such as various furnace* oven or 
other electrical heater* building material being limitedin 
these outside that 
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{Working Example } 

rubber composition of 2 kinds which possess blend 
composition which is shown in the Table 1 was produced. 
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In Table 1, as for polysiloxane polymer I Shin-Etsu Chemical 
Co. Ltd. (DB 69-057-0064 ) make curing agent CAT1402T 
and curing promoter 

condensation type organopolysiloxane KE1402L which 
combines KBE903 

As for silica balloon A Nippon Silica Industrial Co. Ltd. (DB 
69-081-8984 ) make silica balloon SI 

As for phenol balloon B BJO-0930 of UCCsupplied 

As for antimony oxide C Nissan Chemical Industries, Ltd. 
(DB 69-054-4069 ) make antimony pentoxide 

phosphate ester-based compound D Dai-Ichi Kogyo Seiyaku 
Co. Ltd. (DB 69-055-7798 ) make is "Pyroguard SR-270". 

On one hand, for comparing, rubber composition which 
combines theaforementioned silica balloon SIl 10 parts by 
weight, phenol balloon BJO-0930 10 parts by weight, 
chopped glass 6 parts by weight vis-a-vis addition type 
polysiloxane polymer 100 parts by weight which consists of 
primary agent 1 00 parts by weight, curing agent 10 parts by 
weight promoter 2 parts by weight, was drawn up. 

In this case, it diluted rubber composition of Working 
Example 1 and 2 making use of the methylethyl ketone, on 
aluminum sheet application it did in thickness of 3 mm bottle 
^'X (Bi nks ) making use of 7 E2 spray gun, 72 hours heated 
with room temperature (24 deg C ) andit operated by 
hardening. 

In addition, rubber composition of Comparative Example 
because it is dilution difficultwith solvent, on aluminum sheet 
application did in same way in the thickness of 3 mm with 
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casting (Or trowel painting ), operated 8 -hour (As heating 
facility oven using ), by thermosetting doing with 50 deg C. 

rubber composition of Woiidng Example 1 and 2 was 
superior in fabricability in comparison with rubber 
composition of Comparative Example. 

density of these thermal insulating material (g/cm^ ), thermal 
conductivity in 80 deg C (w/ni,k ), room temperature (24 deg 
C )with tensile strength in 200 deg C (kgfi^cm^ ) and room 
temperature (24 deg C ) with flat width adhesive strength 
(kgfi^cm^ ) in200 deg C was measured. 

In addition, heat test was done. 

Result was shown in Table 2. 

It measured density s thermal conductivity^ tensile 
strengths flat width adhesive strength and heat test, due to 
below-mentioned method . 

It measured according to method which is stipulated in 
density: ASTMD792. 

It measured according to method which is stipulated in 
thermal conductivity: JIS-A-1412. 

It measured according to method which is stipulated in tensile 
strength: ASTM D638. 

It measured flat width adhesive strength: United States milli 
^ lease tongue K (MIL-ST D ) according to method 
which is stipulated in 401. 

It heats with heat test: gas burner, adjusts surface temperature 
500 deg C 

When 5 min heating with 500 deg C, external appearance was 
observed. 
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From Table 2, as for rubber composition of this invention 
tensile strength and flat width adhesive strength in high 
temperature of room temperature and 200 deg C in 
comparison witii Comparative £xample,m each case are large. 

Furthermore thermal conductivity is small, with Comparative 
Example causes crack due to the heat test , ashing does and 
Working Example 1 and 2 in each case causes crack,vis-a-vis 
having become brittle, was not. 

{Effect of Invention } 

rubber composition of this invention in order to possess 
adhesiveness where condensation type polysiloxane polymer I 
is superior, not jointly using other adhesive, it can operate. 

Furthermore hardening with room temperature, in order to 
possess adhesiveness which is not different from case where it 
hardens with high temperature and is superior, without using 
compressed facility and heating facility, itcan operate. 

In addition, because it can dilute with solvent, it can operate 

with spray coating . 

Furthermore because it has possessed mechanical property^ 
flexibility which is superior, the crack or delamination occurs 
from operation portion, due to large deformation^ thermal 
shocks impact load etc isnot. 

As other^ microballoon II, because silica balloon A which in 
light weight is superior in the insulating ability and shape 
retention was combined, not making thick, it gives insulating 
ability and sh^ retention, it is possible . 
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Furthermore case phenol balloon B is jointly used to this 
silica balloon A, itdesignates as further light weight, it to be 
possible , furthermore thermal control characteristic can be 
granted. 

Furthermore because mixture of antimony oxide C and 
phosphate ester-based compound D was combinedas 
inorganic compound III, it decreases weight reduction on 
heating of rubber composition further, sh^ retention greatly 
can improve. 
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